Many forests under community use in tropical countries become degraded and lose carbon stocks as a result of agricultural activities such as shifting cultivation and cattle grazing, although these processes rarely result in deforestation. A better understanding of processes specifically causing forest degradation may be of interest to policy makers concerned with the design of programs to conserve forests, for example under international policy on Reducing Emissions from Deforestation and Forest Degradation (REDD+). On the basis of data from a farmer survey carried out in the western Pacific area of Mexico, this study uses a cross-sectional regression model to identify the variables that explain variations between groups of farmers in the amounts of land temporarily cleared for shifting cultivation, which results in decreasing the density of forest biomass. We found that, contrary to common perception about shifting cultivation, within each community, many farmers, both richer and poorer, carry out shifting cultivation. Moreover, it is the wealthier farmers that are making more temporary clearances for such activities when compared with those with less resources. We conclude that, for effectiveness in the design of national programs for REDD+, intra-community differences in farmer status should be taken into account. Moreover, REDD+ interventions should consider the impacts of this program on farmers without rights to land.
Introduction
In many regions around the world, services and products of forests play an important role in the maintenance of the livelihoods of households living in the local communities and may be an important component in communities' economic development [1] [2] [3] [4] . However, the use of forest land and products has often resulted in decline of forest stock, both through deforestation (land use change) and forest degradation (the loss of biomass and within forests that remain forests), contributing to changes in forest carbon densities over whole landscapes and to CO 2 emissions [5] [6] [7] .
Although deforestation is the major contributor to carbon emissions in many tropical countries, degradation (understood here as the loss of woody biomass in forest that remains forest, and often referred to by foresters as 'disturbance') is also a considerable source of emissions at a national level [8] [9] [10] . This is because although activities which cause degradation result in relatively low carbon stock losses per hectare per year, such activities are very widespread and affect a large proportion of all forests. The losses per hectare due to deforestation are much higher, but the area affected is usually much smaller. There have been large numbers of studies investigating causes and costs of deforestation [11] [12] [13] [14] [15] [16] [17] [18] but far fewer focusing on the causes of degradation [10, 19, 20] , despite the importance of degradation as a contributor to carbon emissions [21] [22] [23] . Localized studies on degradation have often identified the drivers (selective logging, fires, shifting cultivation, extraction of wood for fuel, etc.) but have not attempted to quantify their impacts or their relative importance [24] [25] [26] , sometimes even confounding for reasons of effectiveness and efficiency, reflect the opportunity costs faced by different groups [19] . Above all, the groups that are most responsible for degradation may need to be specifically targeted; paying those who are not involved in degrading the forest resources may be considered wasteful from a simple economic standpoint. Hence, a better understanding of the socio-economic aspects of degradation processes at the local level is needed.
We performed a study designed to estimate the factors driving forest degradation in communities where temporary land use clearance for shifting cultivation is common, thus explaining increased or continued degradation. We applied an ordinary least squares regression to examine the effects of key decision-making variables on temporarily clearance of land, specifically of the degradation processes, through a detailed analysis of farmer strategies, including better-off and landless farmers, using data from the field.
For the study, we took the case of agrarian nuclei (known as ejidos) in the tropical dry forest (TDF) zone in western Jalisco. These areas have been subject to human uses for many generations, and shifting cultivation and free range grazing has led to forest degradation, while clearance for permanent agriculture and pasture has led to deforestation. We found that richer and poorer farmers actively participate in activities causing forest degradation, but it is the wealthier farmers that are making more temporarily clearances compared with farmers with less resources.
Materials and Methods

Empirical Specification
The factors that may be influencing the amount of temporarily clearance of land for shifting cultivation, as well as its consequent degradation, can be evaluated by an ordinary least squares (OLS) regression model [42] , as linear models allow the decomposition of the value of the dependent variable in a regression model (total amount of land cleared temporarily for shifting cultivation in this study). Regression analysis is an approach often used to evaluate spatial patterns relating to land cover changes [11, 42, 43] and to obtain a measure of the factors that influence in the amount of forest conversion. Analyses of land use change and deforestation are usually based on mapped and remotely sensed spatial data from different periods to identify cleared fields and to determine the main drivers and constraints of the change [44] [45] [46] . In our case, earlier studies had already clearly established that large parts of the area, particularly the slopes with TDF, were heavily degraded [33, 47, 48] . Building on this, the current study aimed to measure and test the influence of the variables that determine the number of hectares cleared for shifting cultivation by an individual farmer.
This study analyzes farmers' individual choices with regards to temporarily clearance of TDF for shifting cultivation or grazing on the basis of survey responses. The form of the dependent variable was continuous, indicating the total amount of land cleared for shifting cultivation in the previous year of the survey, and the starting hypothesis was that this amount may depend on a series of variables, explained in more detail below (Table 1) . 1 Land for shifting cultivation is cleared but returns to a forested state within a few years; the process is therefore considered degradation rather than deforestation, as deforestation refers to permanent change of land use.
Data
To investigate and understand the proximate drivers that contribute to farmers' individual decisions to temporarily clear forest for shifting cultivation and grazing, we asked farmers to describe the stages typically involved in permanent cultivation, shifting cultivation, and grazing practices in the area of study.
Field work, pre-test interviews, and a literature review were useful in identifying the factors involved in the understanding of the amount of temporarily cleared TDF for shifting cultivation in the Ayuquila basin. A priori, we expected to find shifting cultivation in the hilly areas, and that this activity would be more associated with poor farmers. In addition, we hypothesized that the incentives affecting the decision to temporarily clear TDF for shifting cultivation would differ among socio-economic farmer groups.
We carried out a survey to obtain data for our dependent variable and main independent variables. In addition, we compiled socioeconomic data at the community level from the National Population Council of Mexico.
The variable shifting cultivation (SC) is the dependent variable indicating the total amount of TDF, in hectares, l placed under shifting cultivation agricultural system in the past year. We included physiogeographic variables and socio-economic information among the control variables (Table 1) .
We related the total amount of land temporarily cleared for shifting cultivation (SC) to the associated variables of temporarily clearance identified in the surveys (see Section 2.5) and the literature review:
where Ln_pole i is the logarithmic transformation of the number of wood fence posts extracted by the farmer from his land; Cattle i denotes the number of head of cattle owned by farmer; TDF i denotes the total land covered with tropical dry forest owned by the farmer; Tot_Pop i is the total population living in the community of observation ; MI is an index based on socio-economic characteristics of households calculated by the government of Mexico; Road i is a dummy variable for coding the parcel proximity to a road or dirt road; Slope i is related to topography, coded as a dummy with value one when the parcel is located on hilly areas and zero for flat areas; TDF i denotes the total land covered with tropical dry forest owned by the farmer; and Fam_size indicates the number of family members living in the household. The terms β s are parameters that will be estimated from the data through the linear regression model.
The regression analysis and data processing were undertaken using version 15 of STATA statistical package (StataCorp. 2017. Stata Statistical Software: Release 15. College Station, TX, USA: StataCorp LLC.).
Hypotetized Effect of Variables Included in the Model
Fencing poles are an important by-product and a source of income for both landless farmers and ejidatarios (farmers with rights to land) because it is a common practice to sell poles to any farmer in possession of cattle; thus, the Ln_poles variable is expected to have a positive sign. Several researchers maintain that livestock grazing in forests is considered a driver of forest degradation [25, 30, [49] [50] [51] . Hence, the ownership of livestock was also expected to increase the amount of temporarily land use change because (as indicated above) shifting cultivation is a common way of obtaining cheap maize crop residues that will be used as fodder. Total population in the community was expected to have a positive effect on the amount of land cleared for shifting cultivation, as previous studies explained the importance of population pressure as a primary factor for land use changes [52] . The marginalization index (MI) is an indicator of the socio-economic conditions and poverty at a local scale in Mexico. The (MI) used in this study is based on a 0 to 100 scale, wherein lower levels are associated to poor wellbeing.
Previous studies have suggested that the opening of new roads lowers access costs and therefore increases deforestation and land clearance for shifting cultivation [25, 30] ; hence, the expected sign of the coefficient of the Road variable was positive. A priori, we expected to find shifting cultivation in the hilly areas; thus, the expected sign of the Slope variable was positive.
To deal with the question of scale, the size of TDF holdings per farmer was included and was expected to have a positive effect on the total amount of cleared land for shifting cultivation. Finally, having more members in a household was expected to have a positive effect on the total amount of land cleared for shifting cultivation, as shifting cultivation is often described as a traditional subsistence farming.
Study Area
The study area is centered in the basin of the Ayuquila river in the state of Jalisco, Mexico (Figure 1 ), an area that was selected as a REDD+ early action area at sub-national level by the National Forestry Commission (CONAFOR) of Mexico. The study site encompasses 10 municipalities with an area of about 4200 km 2 and is situated at an altitude range between 250 to 2500 m above sea level. The areas at the higher elevations (1800 to 2400 m above sea level) are covered by firs (Pinus Abies L.) and pines (Pinus spp.), with pine and oak species (Pinus-Quercus S.) associations lower down the slope, followed by deciduous tropical dry forest (TDF) at elevations of 400 to 1200 m above sea level, which form the dominant natural ecosystem in terms of area. The TDF provides high biodiversity and other ecosystem services such as fresh water, wildlife, and non-timber forest products. Rain falls mainly during the summer months, and the mean annual precipitation between 2004 and 2012 was 950 mm, whereas the mean temperature for the same period was about 21 • C. In terms of human use, all suitable low lying level areas have been permanently converted to agriculture, which has been the case for many years. However, the wooded slopes, particularly in the TDF zone, are typically used for cycles of shifting cultivation and temporary grazing, and have been degraded as a result, as demonstrated by several studies of canopy cover using remote sensing [33, 47, 53] . In recent years, level areas at higher altitudes are increasingly being cleared of forest and converted into permanent agriculture or pasture, although this is in most cases illegal. Within the municipalities of the sample there are many ejidos. These are agrarian nuclei which are regulated by the agrarian law and by their own internal council and assembly; most have a population of less than 3500. An ejido represents a communal resource-holding system; most were established by the government between 1930 and 1950. The land is owned by the community as a whole, but is shared by the members; each member has rights to use a particular plot for agriculture. Members are called ejidatarios and they may pass their land and assembly voting rights on to one of their children as inheritance. In addition to the ejidatarios, however, there are other groups of people living in the community who do not have land rights (e.g., families of the children who did not inherit rights, or immigrants from other areas). These families are not considered official members of the community and may either rent land from ejidatarios, or work as laborers.
The territory of ejidos is generally divided into (a) an urban area with houses and garden lots, (b) individual parcels for agriculture, and (c) a common access land which is usually covered with forest and/or rough pasture. This common area is not supposed to be cleared of forest, but is customarily utilized by local inhabitants for temporarily agriculture (shifting cultivation) and for free ranging cattle (there is little timber of commercial value in the TDF zones). The last 20 years have witnessed a gradual process of individualization, which had started even earlier but was stimulated by an agrarian reform law in 1992 [39, 40] . This gave ejidos the possibility, if so decided by their assemblies, to allow personal land titles to be issued to ejidatarios for their individual plots of agricultural land. In the area of the study, it can be seen that in many ejidos, common use lands are also being split among ejidatarios for their individual use. There has also been a certain amount of sale of land and associated rights between ejidatarios. There are also many people living within the community who do not have land, either because following the agrarian reform law they had sold it to other ejidatarios, or because they never had land rights (non-ejidatarios). These people may work as laborers for ejidatarios with larger properties, or may rent land by the year, often on a share-cropping basis, typically with crop residues remaining as the property of the owner.
Land Use Practices of Farmers in the Sample
Agriculture, cattle farming, and mixed crop-livestock systems are practiced both by landholders (ejidatarios) and by landless people who may rent the land from them. Farmers in the sample practice two main types of farming: (1) intensive permanent farming in the lowland areas, in which the yield per hectare is relatively high as a result of using fertilizers and pesticides; and (2) shifting cultivation on the slopes, in which the per hectare yield is lower and the crops are grown for 3 to 4 years followed by a forest fallow of 3 to 10 years. Many also raise cattle. In addition to producing crops, agriculture of both types provides green fodder for livestock in the form of crop residues after the harvest, and shifting cultivation in addition provides by-products such as building poles, firewood, and pasture for cattle during the fallow period, among other useful items. As noted above, intensive agriculture in the lowland areas has led to permanent clearance of TDFs, and fertilizer use is essential to maintain fertility, whereas the practice of shifting cultivation results in temporary clearances with rapid secondary re-growth of forest, such that most of the forest in this area can be considered degraded. Little or no fertilizer is used, and the extent of soil depletion depends on the length of the fallow.
As observed in the field, farmers with land in fertile low lying areas usually operate a permanent agriculture system; this land is not typically dedicated to shifting cultivation, and the farmers who own this land are usually among the richest in the community. We expected, therefore, to find that these farmers would have less propensity to temporarily clearances for shifting cultivation.
Usually, the area under permanent agriculture is important in the food supply chain, as it is intended for national markets, whereas shifting cultivation production is mainly for own consumption and to a lesser extent for sale within the communities. Cattle are held primarily for external sale.
These economic activities have affected the forest species composition, especially in TDF, and to some extent in pine forest and oak pine forests. However, these forests remain an important source of firewood, poles, medicinal plants, and foodstuffs for local people. Land use choices in the study site are strongly influenced by the topography of the land and micro-climates. To reach a better understanding of the factors that contribute to forest degradation, a description of the activities that are typically involved in permanent cultivation, shifting cultivation, and grazing in the area of study is provided.
Permanent Agriculture System
Farmers in the study sample who practice permanent cultivation in the plains area sow maize, mainly under rain-fed conditions; this is often called the seasonal maize crop. They sow in the rainy season (June-July) and harvest in November. After the maize harvest, crop residues are used for livestock feed, often through in situ stubble grazing. The activities needed for land preparation include subsoil ploughing, raking, sowing, and sealing, all of which require labor and inputs such as seeds, pesticides, fertilizer, and tractors.
A few farmers grow maize under irrigated conditions, enabling them to obtain two harvests a year. Under irrigation, labor and material input supply are similar to those in seasonal maize crops; however, more financial and capital investment is required. Again, crop residues are an important by-product, and farmers crush these for livestock feed as ex situ forage.
Most farmers in the sample who sow under permanent cultivation have used these lands for many years. There is virtually no more low-lying land that could be converted for permanent cropping agriculture within the community boundaries. However, as a result of informal and/or illegal parcelization of the commons area, some level areas at higher elevations have recently been cleared for permanent cropping of maize or for pasture, and there have also been small patches of clearance on the slopes utilized to create permanent pasture.
Shifting Cultivation System
Before the rainy season, farmers select areas covered by TDF on the hillsides. Land preparation starts with cutting down trees in a given area in order to remove the old vegetation. Clearing land provides some materials such as firewood and fencing poles to the shifting cultivators. Firewood is a major source of domestic energy and provides an important source of income for people in rural areas, whereas fencing poles are needed to keep cattle within specific landholdings. The remaining material will be moved together into piles and left to dry, and is later burned.
Cultivators will leave small trees to speed regeneration during the fallow period; these are also used to provide shadow for the livestock after the harvest. In preparing land, the use of fire supplies ashes, which function as fertilizer for the soil during the first two years, although in years 3 and 4, a small quantity of chemical fertilizer may be used to supply a portion of the maize crop's nutrient needs. Pesticides are not used. The land is not ploughed-planting is carried out by making holes to drop maize seeds in. A common practice in the shifting cultivation system is to mix cropping, such that in addition to maize, beans and squash are planted in the same field. The maximum cultivation period of land will be three or four years and then it will be left to fallow. During the dry season and in the fallow period, these temporarily agricultural plots provide significant opportunities for grazing and form an important source of fodder.
Cattle Grazing Practices
Livestock have traditionally been used as a living savings account, as cattle can be converted into cash when necessary in order to cover unexpected expenses such as illness, a death of a family member, or a wedding, among other factors.
Traditionally, woodlands and pastures remained in common use and were unfenced; thus, farmers who owned livestock used to release cattle for grazing on the common access, uncultivated lands at the start of the rainy season. During the dry season, corn, stubble, crop residues, or purchased feed were used as the main provision of animal fodder.
In the last five years or so, many farmers have become interested in investing in more livestock, owing to their increasing market value in comparison to maize. Cattle are increasingly kept and fattened up for sale. However, before the purchase of additional animals, cattle farmers need to make sure they have enough land for cattle grazing, as the availability of feed from the crop land in the post-harvest season is limited, whereas purchased feed is expensive.
The need for land for livestock raising, among other reasons, has prompted several ejidos to promote individualization through territorial subdivision of the common use land and the creation of individual property rights over these common resources for the members of the ejido, causing the consequent dissolution of the commons. After the subdivision of common lands, cattle will graze on the newly privatized, fenced, forested parcels that belong to the ejidatario, rather than being free to roam the whole common area. Although non-ejidarios may, by common agreement, be allowed to continue gathering firewood over what used to be the common lands, they are unlikely to be allowed to send their cattle to graze there, unless by a special arrangement wherein they rent a piece of fenced pasture from the owner.
Where common forest lands have been assigned to individual use, some farmers have not only fenced them for private use, but have also established permanent pasture or permanent agriculture if slope conditions permit, done by clearing the forest patch completely-although this is officially not permitted. The conversion of forested area to create permanently cleared spaces in common access lands results in deforestation, whereas the earlier system of free grazing in the forested areas resulted only in degradation. Farmers do this because induced grassland provides more and better quality fodder for the cattle, or, if they are fortunate enough to have acquired a level piece of land on the brow of the hill slope, it is possible for them to grow maize, also often used for fodder. However, quite apart from this (illegal) permanent clearance, the parceling of common land may form a stimulus for farmers to acquire more cattle, and this may increase the demand for fodder, leading to the opening of yet more shifting cultivation areas, as these yield fodder both between the growing seasons and during the fallow period.
Because of the increasing herd sizes in most ejidos, crop residues represent an important source of income for small-scale farmers (who can sell them if they do not have cattle of their own), as well as for farmers in possession of the larger plots in the ejido. It is a common practice for large landowners to rent part of their hillslope land to landless and poor farmers who pay in kind (a share of the crop), with the mutual agreement that the crop residues will be left to the landowner for livestock feed.
The Sample
Data were collected in the field in the summer of 2013. A sample of 31 agrarian nuclei (Figure 1 ) was selected within the Ayuquila basin, including a total of 301 personal interviews. The sampling frames were obtained from official lists of households provided by local authorities, and the sample size within each agrarian nucleus was proportional to population size to ensure a balanced representation. The survey was administered by five students from the university, and interviews lasted 30 min on average.
The sample included not only farmers with official titles to land under the ejido system, but also other farmers such as renters and share croppers within the communities. Women rarely hold the land right and rarely consider themselves to be 'farmers'; the women ejidatarios interviewed were mostly widows who inherited their land right from their husbands, usually renting this land out to other people.
The study uses data on the actual choices taken by farmers to estimate the effects of selected explanatory variables on temporary clearance of land for shifting cultivation. The survey gathered information on agricultural and cattle ranching practices and socio-economic characteristics such as land holding size, and these were used to model smallholder land use practices. The date for this article can be found in Supplementary Materials.
Photographs were used to help in identifying types of slope farmers usually cultivate and the frequency with which they clear trees or shrubs to cultivate crops or grassland. Respondents also provided information about their farming habits, such as seasonal crops, travel time, tenure, the length of time for which the land is used for agriculture, and the period for which the land has to be abandoned for land recovery (fallow period), as well as questions relating to their income from their agricultural activities. Then, the survey gathered detailed information about consumption of other forest resources and whether these are collected by themselves or purchased. The list of natural resources included items such as fruit and wild foods, timber, firewood, fencing poles, and medicinal plants, among others. To complete the questionnaire, socio-demographic data were collected (e.g., gender, education level, forest income, total annual income, etc.).
As the survey was carried out in the sowing season, it was often difficult to contact farmers whose working day ranged from 10 to 12 h, 6 days per week. Sometimes farmers had to be reached while working in their parcels and sometimes during lunch, at home. No major problems were found in the surveying process, as 97% of respondents agreed to answer the questions once they were contacted.
The questionnaire was pre-tested with farmers, as well as through meetings and conferences in the area of study, which also facilitated an understanding of the current situation of farmers. In addition, discussions with local people and open interviews with community leaders were useful in understanding farmers' preferences, decisions, and practices, as well as in identifying variables that could have an influence on land use decisions in the region. Before the final version of the questionnaire, several one-on-one interviews were conducted to ensure that the questions were clear to respondents, and to verify that the language used in the questionnaire was adequate.
Results
Distribution of Farmers in the Sample by Land Use Types
Responses were first divided between two main farmer groups: (1) those who had cleared land in the TDF area during the past 20 years, and (2) those who had not. Then, the group that had cleared land was divided into those who cleared only to establish permanent cultivation or pasture (i.e., permanent clearance classified as deforestation), those who cleared only for shifting cultivation (classified as forest degradation), and those that cleared both for shifting cultivation and permanent cultivation or pasture ( Figure 2 ). Descriptive statistics from the 301 in-person interviews showed that 43% had not cleared land at all in the last 20 years, and that 57% had cleared land in TDF areas over the last 20 years. Somewhat more than half of this group had cleared only for shifting cultivation, 4% had cleared land but only for permanent agriculture uses, and the rest had in addition also cleared to establish shifting cultivation. Table 2 reports the socio-demographic characteristics and types of land use for each group of farmers. Of those who had not cleared any land in the last 20 years, three quarters have permanent plots which average 6 hectares, while the others are landless and support themselves through selling their labor (in a very few cases they rent agricultural land on a share crop basis). This means that the non-clearing group is of mixed socio-economic character: (1) the landless farmers, the youngest among subsamples who have been involved in agricultural activities for only 20 years (i.e., as labourers), having considerably less experience than the other groups. Many had initially worked in activities different from agriculture (e.g., grocery store, mechanic's shop, taxi driver), and others have a main economic activity that is not in the primary sector-for them, agriculture is part-time work; (2) the owners of land who did not clear any land in the last 20 years for whom agriculture is and always has been their main livelihood. What the data show is that overall around one third of all the farmers in the survey are not engaged in degradation-causing activities because they only operate plots that were cleared long ago, while a small proportion (10%) are not engaged in degradation-causing activities because they are too poor even to rent land, or they have other sources of income and do not rely much on agriculture.
The group of farmers clearing land temporarily and only for shifting cultivation (about 30% of the total sample) are the oldest among the farmer sub-groups. They have the largest family size (six members), have received the least formal education, and represent the highest percentage of firewood users, mainly for cooking purposes. More than 50 percent of these rent their land from landowners (eijidatarios) or borrow it in return for the maize residues that are used as cattle fodder. This group of farmers cultivate an average of 1.5 hectares, and, for most of them, agriculture remains the main income-generating activity. All these characteristics indicate that this group represents the poorest farmers in the community.
A relatively small group of farmers have cleared land, but only for permanent uses within the last 20 years; they do not have any shifting cultivation plots (4% of the total sample). They are almost 20 years younger than farmers in the shifting cultivation system, and their mean household size consists of four people. Most of these farmers (95%) own their land, sow about 7 hectares, and have almost 45 years' experience. Most of these characteristics suggest that they are much better-off than the shifting cultivation farmers.
It is interesting to note that the wealthiest group of farmers in the sample consists of those who have cleared both to create permanent pastures or agriculture in the TDF and for shifting agriculture. Their newly cleared permanent plots are larger than those of the farmers who have only permanent plots; around 25% of area cleared was destined for permanent pasture and 14% for permanent cropping (maize). In addition, they opened shifting cultivation plots, primarily to secure fodder for cattle. The majority in this group are landlords and private landowners who come to a verbal agreement with landless farmers in which a certain area of land is handed over to them on a crop-sharing basis for a specified period of time with the understanding that the landowner will use maize residues. In some cases, shifting cultivation plots may later be converted to pasture, rather than being allowed to follow the traditional cycle through an extended fallow period. Indeed, this is a route often used to circumvent the local bylaws and norms that are intended to prevent permanent clearance of forest. After cultivation for four years, the owner may simply claim that the area never really was forest, justifying his 'improvement' by sowing fodder grasses.
Multivariate Regression Models of Forest Degradation by Farmer Group
We conducted two regressions using the amount of cleared land in the TDF in the past year as the dependent variable, dividing the respondents now into two groups, the richer and the poorer. This way we could test whether these groups have the same variables relative to explaining the amount of temporary clearance for SC. Table 3 shows the estimates of the variables related to temporary land use change for the shifting cultivators group (SC group or temporary clearance for SC) and the permanent agriculture and shifting cultivators group (PA&SC, the wealthiest farmers group or those that cleared land both for shifting cultivation and permanent cultivation/pasture), as presented in Table 2 . We used a traditional ordinary least squares (OLS) using a semilogarithimc function where the dependent variable is the natural log of the quantity and is interpreted in percentage terms. A logarithmic specification provided the best fit in comparison to several linear and nonlinear specifications.
The F-values of the RESET tests in both regressions were F (3, 56) = 0.21 for the SC group and F (3, 78) = 0.18 for the PA&SC group, and their corresponding p-values of 0.18 and 0.89 were above the conventional significance level of 0.05, indicating that the semilogarithmic models were adequate in both regressions. The White's test shows that heteroskedasticity did not exist in our models. The values of (prob > χ 2 = 0.51) for the SC group and (prob > χ 2 = 0.09) for the PA&SC group were above the 5% significance level; thus, we failed to reject the null hypothesis of homoskedasticity. The results showed that the residuals from both samples followed a normal distribution (the Skweness-Kurtosis test was p = 0.69 for the SC model and p = 0.24 for the PA&SC model).
All parameters in the SC model, but two, were significantly different from zero at least at the 5% level and had the expected signs. Results for the SC model suggested that farmers in need of extracting poles contribute to the increase of forest degradation in the area of study (β = 0.14, p < 0.01). A log transformation was used to reduce variation in the number of extracted poles by individuals and also because the logarithmic specification resulted in a better fit than an alternative non-logarithmic specification of the fencing poles variable. The variable transformation reflected a decrease in the number of extracted fencing poles with time; in this sense, more posts are needed when a wooden fence is first built, whereas in the following years farmers usually just replaced damaged, broken, or rotten fencing posts. Population growth (Tot_pop variable) was significant at the 1% level (β = 0.0002, p < 0.01) and had a positive effect on the amount of temporarily clearance for shifting cultivation in the study area. The Slope variable (hilly areas) was significant in the model and significant at 5% (β = 0.58, p < 0.05), suggesting that physiogeographic characteristics of land are key factors for this agriculture system because of its low capital requirements as a farming system primarily of the poor. The amount of TDF owned by farmers in the SC group was positive and significant at the 1% level (β = 0.01, p < 0.01), suggesting that the larger the area of TDF available to an individual, the greater the amount of cleared plot for the purpose of shifting cultivation. The overall model fit was R 2 = 0.31.
Results for the PA&SC model showed only two explanatory variables significantly different from zero. As expected, the Cattle variable was positive and significant at the 5% level (β = 0.01, p < 0.01), suggesting that the presence of livestock increases the probability of clearing for temporary pastures. Similar to the SC regression model, the amount of TDF owned by farmers in the PA&SC group was positive and significant at the 1% level (β = 0.08, p < 0.01), suggesting that the availability of TDF encourages the practice of activities related to forest degradation. The overall model fit was R 2 = 0.21.
A number of other socio-economic characteristics, such as age, education, and income, were tested in the model but were not significant, and thus were omitted from the final models.
Discussion
In contrast to deforestation, very few studies have been done to quantify the relative importance of drivers of the degradation processes at the local level. Most studies merely identify proximate drivers of degradation, among which are shifting cultivation and associated burning, forest grazing, and extraction of poles and firewood. This study focuses not only on these processes, but also relates them to how different classes of farmers use forest resources by modeling farmers' choices according to socio-economic and structural characteristics of rural livelihoods.
We found that the amount of land clearance for shifting cultivation increases with the availability of TDF in the community. We found evidence of this for both groups of farmers (SC farmers group and PA&SC farmer groups); thus, independently of socio-economic class, ownership of this type of forest increases the propensity of farmers to practice activities resulting in forest degradation.
Contrary to our expectations, we found no effect between infrastructure expansion, such as new roads, and the amount of clearance. This result may be explained in association with a traditional agricultural system, in which the use of horses is the common 'transport system', as the undercapitalized farmers who practice shifting cultivation do not have trucks or tractors; hence, lack of roads or dirty roads is not an obstacle for temporarily clearance of TDF. The lack of accessibility in this agricultural system reflects lack of local development in the area.
As expected, the extraction of fencing poles is a factor affecting the behavior of the SC farmer group, whereas the main incentive of the PA&SC group of farmers is to use their shifting cultivation plots to obtain crop residues to feed their cattle. Better-off landowners (PA&SC farmer group) have more land cleared for shifting cultivation, although in most cases the work itself is carried out by landless farmers, as these users of land have rented or borrowed it from large landowners or ejidatarios, or work as laborers for them.
Data from our own study indicate that farmers who have only permanent fields for cultivation have no incentive to practice shifting cultivation because of their apparent agricultural specialization, whereas farmers that only have shifting cultivation fields and landowners with plots both in the valley and on the hillsides are more likely to engage in (more) temporarily clearances. The latter typically have much larger quantities of land in total, and our survey indicated that most such farmers use their shifting cultivation plots primarily for the use of the crop residues after the harvest as cattle fodder. Thus, the SC (area cleared for shifting cultivation) would be expected to have a higher value when the individual farmer has both SC and permanent agriculture plots (SC&PA).
This brings up a very interesting conundrum. Degradation (especially that caused by shifting cultivation) is often ascribed to poverty, lack of resources, and ignorance [54] [55] [56] . In this study we show that, indeed, the poorer farmers, particularly those without land rights, tend to support their families through shifting cultivation, but this is usually on borrowed or rented land; this does not mean that they are responsible for most of the degradation in absolute terms, as the area they use is much smaller than that used for shifting cultivation by farmers with more resources. However, many of the richer farmers engage both in permanent and in shifting cultivation, and they tend to have much larger shifting cultivation plots than those who engage only in shifting cultivation (see Table 2 ).
These farmers with land rights benefit by renting out their shifting cultivation land to poorer and landless farmers, taking profit directly in the form of cattle fodder.
The corollary to this is that if shifting cultivation were to be stopped, for example, under the REDD+ or Payments for ecosystem services (PES) programs, the payments would for the most part go to the owners of the plots, whereas a large number of the poorest farmers would lose the basis of their livelihoods.
If the scheme pays incentives to the community as a whole, the community usually has the choice of using the funds to pay for forest management activities (e.g., silviculture), for community facilities (e.g., health center), or of dividing (part) of the funds between members (cash distribution). In cases where the commons have already been formally or informally divided, it will not be possible to implement communal forest management. Where this is not the case, those who have no land or rights could benefit from community facilities and possibly from labor payments if they are considered eligible but are unlikely to benefit from any cash distribution; in any case, they will still lose access to the commons areas that they previously used (i.e. before REDD+ or PES implementation). Meanwhile the richest members of the community stand to lose most as they de facto currently gain a proportionally greater return from the resources. If the benefits (direct or indirect) that they receive do not match their opportunity costs, it is likely that they will oppose the scheme, and if it is imposed, they will almost certainly displace their activities elsewhere, leading to the potential risk of carbon leakage.
If the scheme alternatively aims to make payments to individuals for more sustainable management of their own plots, it is clear that those without land and rights will be totally excluded, not only from cash distribution but also from any income they used to gain as renters and share croppers as the owners turn these plots over to conservation. Those with larger holdings would be eligible for greater payouts, but it is unlikely they will accept them if they are below the opportunity costs of the current uses, and their opportunity costs are relatively high on a per hectare basis. As in the community payment scenario, the question of potential displacement of cattle and resulting leakage would have to be considered. Those who depend mainly on shifting cultivation, and are landowners, would probably do best under this scheme, as their profits (opportunity costs) per hectare are low [19] .
We acknowledge, however, some limitations, as our results are not capable of generalizing conclusions on a larger scale given that drivers of change vary by geographic area. In addition, because of the limit of observations available in our sample, we were not able to include some important variables such as migration and the effects of subsidy programs paid by the government in the study area. Finally, farmers are not always propelled by strictly monetary incentives in their production decisions, and social preferences for traditional practices may also play a role in their decision making. Our results do not capture these effects of local traditions and social preferences.
Conclusions
In Mexico, REDD+ pilot schemes have been started in a number of areas, including the study area described here, and there is expectation that lessons will be learned and the program will be expanded later. In the past, the higher dependency of poor households on forests was seen as a cause of forest degradation. We show here that on balance it is in fact the richer farmers in the community who are responsible for the greater share of this degradation. Overall, raising beef cattle requires fencing poles, which are an important and often overlooked by-product of shifting cultivation; they are regularly purchased from smaller farmers by farmers in possession of large herds of cattle, as are low-cost maize crop residues, which are used for cattle fodder. These are very important factors directly associated with the amount of temporarily clearance of TDF, and as we have shown here, their production has important socio-economic features, showing a dependency between the richer and poorer groups in the community.
The practice of shifting cultivation reveals the dependence of the oldest and poorest farmers upon an inexpensive agriculture system for food security and the lack of opportunities for those without land rights (about 12% of our sample) who are unlikely to benefit from REDD+ unless funds are spent on community facilities or used to pay labor costs for activities related to REDD+.
In addition to the existence of socio-economic classes within communities, our study makes clear that the design of REDD+ programs needs to take into account (1) farmers' opportunity costs, which vary greatly between different classes of farmers; (2) the size of the incentives in comparison to these opportunity costs; (3) whether the payments are made communally or individually; and (4) the extent to which common land has already been individualized, formally or informally. 
